Bat activity is often concentrated near linear and edge landscape structures such as hedgerows, but information about seasonal and species-specific bat activity near hedges is scarce despite their abundance in the cultural landscapes of central Europe. Exact knowledge on animals' habitat use, however, is key to effective landscape planning to avoid human-wildlife-conflicts, such as the construction of wind turbines in areas with high bat activity that may result in bat fatalities. We measured bat activity in relation to distance to hedgerows in an agricultural landscape in northeastern Germany. We recorded bat echolocation calls at ground level at 0, 50, 100 and 200 m distances from hedges at five sites during three nights in spring (April to June) and three nights in summer (July to October) at each site. For all bat species we found the overall activity to be similar between seasons, with the highest activity near the hedges, but with considerable variation in species-specific spatial activity patterns between spring and summer. While the genus Myotis and Pipistrellus pipistrellus were mostly active close to the hedges at a similar intensity over the entire study period (i.e. 84% and 86% of all bat passes, respectively), Nyctalus noctula and Pipistrellus nathusii showed generally less pronounced concentration of activity near the hedges, and increased activity away from the hedges in summer. Similarly, Pipistrellus pygmaeus showed decreased activity away from the hedges during both seasons, but with reduced activity near the hedges in summer. The observed behavioural changes in activity in relation to distance to hedgerows are likely due to migration or the bats foraging for different prey between seasons. Our findings are highly relevant for landscape planning and distance recommendations for the construction of wind turbines linked to their potential threat for bats.
INTRODUCTION
Bat activity often has been found to increase near linear and edge landscape structures with vegetation, such as hedges, riparian zones or forest edges. Bats use these linear vegetation structures for foraging and as flyways for commuting (Krull et al., 1991; Entwistle et al., 1996; Walsh and Harris, 1996; Verboom and Huitema, 1997; Downs and Racey, 2006; Boughey et al., 2011) . The increased activity near linear habitat structures has been explained partly by the bats' orientation with echolocation. Hereby, the animals use linear structures as landmarks and the predictable clutter of hedges or forest edges serves as an acoustic guideline for commuting within their habitat (Schnitzler et al., 2003; Schaub and Schnitzler, 2007) . This emphasizes the ecological importance of hedges in the bats' habitat, because hedgerows may increase habitat connectivity, especially within a fragmented cultural landscape where they constitute important orientation landmarks also during long distance migration. Furthermore, insectivorous bats forage along hedges, possibly because of increased insect abundances near hedges relative to an agricultural matrix (Maudsley, 2000; Pollard and Holland, 2006) . Additionally, hedges may protect bats from predation or wind, reducing the energy costs of flight or improving the bats' foraging efficiency when insect abundances are increased in the lee of hedgerows (Verboom and Spoelstra, 1999) . The importance of linear vegetation structures as foraging habitat is supported by the observation of low bat activity near linear structures bare of vegetation, such as stone walls (Russ and Montgomery, 2002) .
Despite this key function of hedges in the bats' habitat, detailed information is sparse regarding species-specific activity of bats near hedges. For example, it is unclear how far from hedges different bat species move and whether there is seasonal variation in bat activity near hedges. Precise knowledge of the habitat use and spatial movements of bats across seasons, and over their life cycle, however, is essential for efficient landscape planning and avoiding such landscape transformations that represent a threat for animals. Recently, interest in precise data regarding the habitat use of bats is increasing due to the rapidly growing wind energy sector and the construction of wind parks world-wide, as wind turbines constitute a major mortality risk for bats (Barclay et al., 2007; Kunz et al., 2007; Arnett et al., 2008; Rydell et al., 2010a) . It has been suspected that the turbines' position within the habitat, e.g., their distance from sites with high bat activity, determines their potential threat to bats (Piela, 2010; Rydell, 2010a ; P. Endl, U. Engelhart, K. Seiche, S. Teufert, and H. Trapp, in litt.). For example, some studies have found high bat mortality at wind turbines close to the forest edge (Seiche et al., 2008) . To minimize bat fatalities at wind turbines, distance thresholds in relation to habitats and sites relevant for bat conservation have been proposed in some EU countries, such as France, Poland or Germany (Kepel et al., 2011; Prefet de Lorraine, 2012) . In several German federal states the construction of wind turbines is prohibited at a distance of less than 1,000 m from maternity colonies or hibernation sites. In some regions guidelines propose that wind turbines cannot be constructed less than 200 m away from bat flyways (e.g., Ministry for Environment Branden burg, 2011). Despite the importance of hedgerows for bats, detailed and mandatory recommendations are lacking for landscape planning and for the construction of wind turbines in the vicinity of hedges.
To study bat activity in relation to the distance to hedgerows, we recorded the bats' echolocation calls at various distances from hedges in an agricultural landscape in northeastern Germany during the bats' activity period between April and October. We asked whether different bat species show different levels of activity in relation to distance from hedges and whether there is seasonal variation in bat activity near hedges. We expected cluttered space foraging species that are adapted to manoeuvre in close proximity to vegetation, such as small Myotis species, to be almost exclusively active close to hedges. In contrast, we expected those species that are adapted to forage in open spaces, the aerial hawking species, such as Nyctalus spp., to have activity patterns less associated with hedgerows. More over, we hypothesized that the bats' activity in relation to the distance from hedgerows would vary over time, due to the disbanding of maternity colonies in summer, physiological changes in females after weaning and the onset of migratory activity in late summer. Addition ally, seasonally varying prey abundances near hedges may influence the habitat use and activity of bats over time.
MATERIALS AND METHODS
We recorded bat echolocation calls with batcorders (Batcorder 1.0 and 2.0 -ecoObs, Nuremberg, Germany) along perpendicular transects simultaneously at four distances (0, 50 , 100, and 200 m) from hedges. Recordings were taken at five different sites in northeastern Germany in the federal states of Brandenburg and Mecklenburg-Vorpommern. At each site we recorded bat echolocation calls during six entire nights (sunset to sunrise) between April and October 2010. To analyse the variation of the number of bat passes over time, we separated the study period into two seasons. We defined the spring season from late April to early July and the summer season from late July to early October. We carried out recordings during three nights distributed over each season. This temporal classification was defined by the bats' life cycle with the reproductive period, lactation and weaning in spring and the disbanding of maternity colonies and onset of migration behaviour in summer. All sites were in proposed wind farms in an agricultural landscape dominated by pastures and crop farming (geographical coordinates of sites A: 53°14'46.5648''N, 12°8'8.2284''E, B: 52°41'29.3424''N, 13°49'25.6584"E, C: 53°13'40.998"N, 13°38'20.0904"E, D: 52°11'47.0508"N, 13°17'28.7304"E, E: 53°32'2.9292"N, 14°10'19.5276"E) . We selected sites that were similar regarding landscape and vegetation, and at 500 m or more from water bodies and other tall vegetation structures, such as forests or other hedges. Hedges were 10-15 m high and 5-7 m wide and at least 750 m long, comprising a bushy vegetation of Sambucus nigra, Prunus spinosa, Crataegus monogyna, Rosa arvensis, Cornus sanguinea and Symphoricarpos albus, and also including tree species, such as Populus × canadensis, Sorbus aucuparia, Prunus avium, Acer pseudoplatanus, Acer campestre, Acer negundo, Quercus petraea, and Carpinus betulus. The distribution of emergent trees in hedges was similar between sites. We installed batcorders at a height of 2.5 m fixed at a pole with the microphone directed horizontally at a 90° angle from the hedge. Batcorders recorded the full frequency spectrum between 16 and 150 kHz in real-time with a sampling rate of 500 kHz. We used a threshold of -27 dB and a pre-trigger of 400 ms for the recordings. We collected data only during dry nights with similar climatic conditions, at low wind speeds < 6 m s -1 and ambient temperatures > 10°C, to decrease the variance of the bat activity data due to climatic factors.
We analysed the ultrasound recordings with the software batIdent and bcAnalyze (ecoObs, Nuremberg, Germany) to identify species-specific echolocation calls. This software automatically measures the primary sound parameters of the recorded echolocation calls and calculates a probability value that a call is from a specific bat species. The software identifies bat echolocation calls from simultaneous recordings of up to three individuals per sequence (Marckmann and Runkel, 2009) . After automatic analysis, we manually controlled all echolocation calls for misidentifications and, when possible, identified additional calls. We included all Myotis-like and Plecotus-like calls into the categories Myotis spp. and Plecotus spp. To describe bat activity in relation to the distance to hedges we counted the number of bat passes of the different species. We defined a 'bat pass' as a sequence of at least two echolocation pulses of a passing bat (Thomas and West, 1989) . Therefore, in the following we assume that the number of bat passes is highly correlated with bat activity.
Since bat detectors have a high precision and reliability we assume that we recorded all bat passes near the microphone. Consequently, all zero observations are regarded statistically as true absences of bats. As some bat species were rarely recorded or not present at some sites or during some nights, our dataset included a large number of zeros. Therefore, in regular poisson regressions we found considerable deviations from the assumptions of homogeneity of residual variance and normal distribution of the residuals. To account for these deviations, we modelled bat activity data, i.e. the absolute number of passes per night in relation to distance from the hedges and season with generalized linear mixed models (GLMM) with the glmmADMB package, version 0.7.7 (Bolker et al., 2012; Skaug et al., 2013) under R version 2.15.1 (R Development Core Team, 2012) . The analysis involved a two-step process. In the first step, we only modelled the presence/absence data in a single intercept model (Zuur et al., 2012) . Then we modelled the abundance data for each species with the absolute number of bat passes per night assuming a negative binomial error distribution to account for potential overdispersion and using the loglink function. In the models we entered the distance from the hedge and season as fixed variables and included the individual study site as a random effect on the intercept to account for repeated measures. As we only had two fixed variables we did not apply any model selection procedure and report only the full models with interaction term.
RESULTS
In total we identified echolocation calls of 11 species as well as the genus Plecotus. For the analysis we aggregated all echolocation calls of Myotis daubentonii, Myotis brandtii/M. mystacinus, Myotis nattereri and Myotis myotis into the category Myotis spp. We did not differentiate between calls of Plecotus auritus and Plecotus austriacus, because frequently we were not able to identify calls unambiguously to species level. We recorded a total of 7,727 bat passes that we assigned to eight bat taxa (Ny ctalus noctula = 2,399 passes during 29 nights, Pipistrellus pipistrellus = 2,619 passes during 27 nights, Pipistrellus pygmaeus = 293 passes during 12 nights, Pipistrellus nathusii = 741 passes during 29 nights, Eptesicus serotinus = 24 passes during nine nights, Barbastella barbastellus = 97 passes during nine nights, Plecotus spp. = 46 passes during 13 nights and Myotis spp. = 387 passes during 27 nights). In total 14.5% of all passes could not be identified and included into any of the categories above and thus, were not further analysed.
Of all bat passes 68% were recorded close to the hedges, at 0 m, and 17%, 8% and 7% were recorded at 50, 100 and 200 m distances from the hedges, respectively. Thus, there was a major drop of activity within a 50 m distance from the hedges (Fig. 1) . The species whose activity was least concentrated near the hedges were N. noctula with only 42% of all passes during both seasons close to the hedges, followed by P. nathusii with 68% of all passes near the hedges. For Myotis spp. and P. pipistrellus, 84% and 86% respectively of all passes during both seasons were recorded close to the hedges. Despite reasonable sample size the model for Myotis spp. did not converge due to the low number of bat passes away from the hedges. We recorded B. barbastellus and E. serotinus almost exclusively at the hedges, with 100% and 92% of all passes respectively at 0 m from the hedges. How ever, for E. serotinus, B. barbastella and Plecotus spp. the low sample size precluded a statistical analysis beyond descriptive measures.
The GLMMs revealed that in all species there was no difference in the total number of bat passes between the two seasons (Fig. 2, variable = season) . For all bat species we observed fewer bat passes away from the hedge than near the hedge (Fig. 2 , variable = distance). This effect was reduced during summer for all species except P. pipistrellus (Fig. 2 , variable = interaction season × distance). Specifically, for N. noctula and P. nathusii the model showed that the number of bat passes decreased with increasing distance from the hedges in spring, while there was an increase of activity away from the hedges in summer. This means that the number of bat passes was more uniformly distributed over all distance classes in summer (Figs. 1 and 2 ). For N. noctula, we recorded 56% of all bat passes during the spring season close to the hedges (0 ± SE = 46 ± 15.5 bat passes night -1 at 0 m from the hedges), while we found only 26% of all bat passes during the summer season directly at the hedges (0 ± SE = 21 ± 10.2 bat passes night -1 ). Similarly, in P. nathusii the proportion of bat passes at the hedges dropped from 89% of all bat passes during the spring season (0 ± SE = 24 ± 10.5 passes night -1 at 0 m from the hedges) to 43% of all bat passes during the summer season (0 ± SE = 10 ± 5.5 bat passes night -1 ). In P. pygmaeus the proportion of bat passes at 0 m from the hedges was 96% in spring (0 ± SE = 12 ± 9.9 bat passes night -1 ) and dropped to 64% in summer (0 ± SE = 5 ± 2.3 bat passes night -1 ). In P. pipistrellus, the significant negative effect of distance on the number of bat passes was weaker during summer, but the interaction term in the model was not significant (96% of all bat passes during the spring season at the hedges (0 ± SE = 114 ± 43.7 bat passes night -1 ) versus 66% of bat passes during the summer season at the hedges (0 ± SE = 37 ± 26.1 bat passes night -1 ). For Myotis spp. the activity was similar between seasons with 84% of all bat passes near the hedges in spring (0 ± SE = 11 ± 3.3 bat passes night -1 ) and 85% in summer (0 ± SE = 11 ± 4.9 bat passes night -1 ).
DISCUSSION
Bat activity decreased with increasing distance from hedges in an agricultural landscape. However, the strength of this effect varied between bat species and between seasons. While for all bat species there was a strong effect of distance from the hedges on activity in spring (April-June), for some species, the effect was weaker or almost disappeared in summer (July-October). This decrease of the effect of distance from the hedges on activity was due to a more even distribution of bat passes over all distance classes in summer, because for all species the overall number of bat passes did not vary between seasons. Our finding of increased bat activity near hedges is supported by various studies (e.g., Walsh and Harris, 1996; Verboom and Huitema, 1997; Boughey et al., 2011) and has been assumed to be due to increased insect abundances around hedges, as hedges provide insects with food, breeding substrate and potentially a favourable microclimate, especially in a matrix of open fields, grasslands or agricultural monocultures (Verboom and Spoelstra, 1999; Maudsley, 2000; Pollard and Holland, 2006) . Alternatively, bats may use hedges as acoustic guides or landmarks during commuting (Schnitzler et al., 2003; Schaub and Schnitzler, 2007) . In our study, Myotis species were more active near the hedges than in open areas during both seasons, and were rarely detected at more than 50 m from the hedges. In contrast, N. noctula and P. na thusii showed the least pronounced gradient of decreasing activity away from the hedges, and a marked seasonal variation in activity with lower activity near hedges in summer than spring. Generally, such species-specific differences in activity in relation to habitat parameters may be due to the species' different ecological niches and their different foraging behaviours, which are reflected in their habitat use. Myotis species are adapted to foraging in and around dense vegetation, having broad wings, low aspect ratios and echolocation calls that are strongly frequency modulated, sweeping over a wide range of frequencies. Aerial hawking bats, such as N. noctula, with long, narrow wings, higher aspect ratios and loud, low pitched almost constantfrequency calls with only slight frequency modulation are adapted for fast, but less manoeuvrable flight and for the detection of flying insects over larger distances in uncluttered space (Norberg and Bat activity and hedges 69 FIG. 2. Forest plots for the generalized linear mixed models examining the influence of distance from the hedges and season (spring vs. summer) on bat activity (bat passes night-1) in four bat species. A generalized linear mixed model for Myotis spp. did not converge due to the low number of bat passes away from the hedges despite reasonable sample size as shown in Fig.1 . Error bars represent 95% confidence intervals. Asterisks denote statistically significant effects (* -P < 0.05, *** -P < 0.001) Rayner, 1987; Neuweiler, 1989) . Our finding of a high degree of activity of N. noctula near the hedges in spring is therefore remarkable and may highlight the importance of hedges also for bat species adapted to open space. Various studies describe N. noctula as being common in a variety of habitats, and the animals foraging regularly in open habitats, such as pastures or marshlands, but their foraging areas are often not well defined in relation to specific landscape parameters (Vaughan et al., 1997; Mackie and Racey, 2007) . In our study, we recorded pipistrelle bats mostly close to hedges. Although these bats may forage in open space as aerial hawking bats, various other studies have shown pipistrelles to be mostly active close to edge habitats, such as hedges (Nicholls and Racey, 2006; Russ and Montgomery, 2002; Boughey et al., 2011) . This may be due to the bats foraging for insects that are abundant in hedge vegetation, or also because of a lack of insects in a largely agricultural matrix (Walsh and Harris, 1996; Russ and Montgomery, 2002) . The importance of linear landscape elements as acoustic landmarks is likely to differ between species, depending on their echolocation call designs. Indeed, for pipistrelles the ability to navigate independently of acoustic landscape landmarks has been proposed, as these bats have a relatively flexible echolocation call design (Kalko and Schnitzler, 1993) . The vegetation structure of hedges may also influence the occurrence of bats. For example, the presence of tall trees within hedges has been found to attract those bat species that are more associated with woodlands and forest edges, such as P. pygmaeus (Russ and Montgomery, 2002; Nicholls and Racey, 2006; Boughey et al., 2011) . Moreover, the height or width of hedges (Verboom and Huitema, 1997) as well as the type of matrix habitat may influence bat abundances at hedges. Boughey et al. (2011) found pipistrelle bats to be more common near hedges and forest edges compared to open habitats. The vegetation type of the hedges, as well as their proximity to woodlands, furthermore affected the incidence of P. pygmaeus, but not P. pipistrellus. In our study, however, all hedges were similar regarding the matrix and the hedges' dimensions and vegetation.
We found an obvious effect of season on bat activity near the hedges, especially in N. noctula and P. nathusii and to a lesser extent also in P. pygmaeus. This seasonal variation in activity may be dependent on various temporally variable factors, such as insect abundance or climate. For example, seasonally preferred or available insect prey may be associated with hedges (Pollard and Holland, 2006) . Moreover, the disbanding of maternity colonies and the onset of migratory movements in N. noctula and P. nathusii could also partly explain changes in activity between seasons (Shiel et al., 1999, Popa-Lisseanu and Voigt, 2009 ). For example, Davidson-Watts and Jones (2006) showed activity patterns and nightly flight distances to vary with reproductive state in female P. pipistrellus and P. pygmaeus. In spring, nursing females may be relatively faithful to the site of their maternity roosts, resulting in spatially restricted movements, while after weaning habitat use may change. Additionally, changes in the physiological condition of females after weaning may contribute to variation in spatial movements. For example, for reproducing females the time of lactation before weaning is most energy demanding which may require females to maximize their energy efficiency and exploiting only the most profitable feeding sites (Entwistle et al., 1996; Shiel et al., 1999; Mackie and Racey, 2007) . Additionally, in summer the newly fledged young that may not yet follow habitual flyways and exhibit exploratory behaviour could also increase bat activity away from hedges (Shiel et al., 1999) . The onset of the mating period, with songflight and territorial courting behaviour in males, also could locally change the spatial movements of pipistrelles in summer. In our study, the lack of a significantly increased number of bat passes in summer is somewhat surprising, as we expected the newly fledged young to increase the number of bat passes in summer. Our definition of spring and summer season was based on the bats' annual life cycle. We argue that bat activity as recorded with our methods may be determined by two specific stages in the bats' life cycle and the associated behaviour: (1) the females reproducing and being concentrated in maternity colonies, (2) weaning and disbanding of maternity colonies, with increasing offspring independence and the onset of migratory behaviour. Although for most bat species in the study area weaning takes place in July, the actual timing may vary slightly between species and is also depending on the regional climate. Therefore, in some species the rough classification into two seasons may have masked a potentially larger seasonal variation of activity to a certain degree.
We recorded B. barbastellus and E. serotinus almost exclusively near hedges. Verboom and Huitema (1997) noted that the occurrence of E. sero tinus at the landscape level was related to the density of linear landscape elements. Also for B. barbastellus the importance of linear landscape elements as foraging and commuting habitat has been shown previously (Hillen et al., 2011; Zeale et al., 2012) . Unfortunately, for both species the sample size was too low in our study for statistical modelling.
Bat passes defined as a sequence of at least two echolocation pulses of a passing bat (Thomas and West, 1989) are an established proxy for bat activity, despite the uncertainty in the actual number of individuals passing. However, the different echolocation call designs between species may produce some bias in the data towards bat passes of aerial hawking bats, impeding the direct comparison of activity between species. The high intensity, low frequency echolocation calls of aerial hawking bats, e.g., such as those of N. noctula at around 20 kHz, will carry farther and thus may be recorded at greater distances (up to 20-30 m) from the microphone compared to calls from gleaning bats, such as M. nattereri or Plecotus spp., which have higher pitched, strongly frequency modulated calls (Russo and Jones, 2002; Adams et al., 2012) . Yet, in our study the number of bat passes per species reflected the expected occurrence and abundance of species in the study area (Teubner et al., 2008) and we do not expect that variation in the detection range between species will have affected the general relationship between activity and distance to the hedge.
Improving our understanding of the bats' habitat use is of principal importance for landscape planning and efficient bat conservation. Many anthropogenic habitat alterations and constructions, such as roads, may pose a serious direct threat for bats (Lesiński, 2008) or may change the way bats use their habitat, e.g., by eliminating essential habitat features. Especially, in the context of the increasing use of wind energy worldwide, habitat use of bats is of specific interest. Wind turbines may kill bats either due to animals colliding with the turbines' rotor blades or by causing a fatal barotrauma in passing bats due to large air pressure differences close to the moving rotor blades (Kunz et al., 2007) . Some authors are concerned that bat mortality rates at wind turbines may even impact local bat populations (Kunz et al., 2007) . In our study region, N. noctula, N. leisleri, P. nathusii, P. pipistrellus, P. pygmaeus, E. serotinus and Vespertilio murinus have been found to perish most frequently at wind turbines (LUGV, 2013) . The exact circumstances of bat casualties at wind turbines are still not fully understood, but various hypotheses have been proposed (Kunz et al., 2007) . Among others, foraging bats may be attracted to turbines by insects, which themselves are attracted possibly by the turbines' colours, lights or warm air currents in their vicinity (Rydell et al., 2010b , Long et al., 2011 . In fact, insects aggregating near turbines may even lure bats away from their original flyways into the proximity of the turbine rotors increasing the risk of fatal collision. These hypotheses are supported by studies that show an increased risk of bat fatalities at wind turbines closer than 100 m to vegetation edge structures, such as forest edges (Seiche et al., 2008) .
To avoid bat fatalities at wind turbines, some planning regulations require environmental impact assessments and in some regions recommendations for distance thresholds for the construction of turbines close to sites of importance for bats, such as forest edges or maternity colonies are in place already (e.g., Ministry for Environment Brandenburg, 2011; Prefet de Lorraine, 2012) . However, no explicit recommendations for wind energy development in the vicinity of hedgerows have been proposed yet and, in general, the efficiency of distance thresholds for building wind turbines near landscape features of importance for bats, as a protection strategy has not yet been shown. Our data support the observation of the strong association of bats with hedgerows. Considering increased bat fatalities at wind turbines close to forest edges (Seiche et al., 2008) , we argue that a close proximity of turbines to hedges will also result in increased bat mortality at the turbines. We found strong interspecific as well as temporal variation in the activity of bats near hedges. Hereby, in summer activity increased away from the hedges especially in those bat species that have been found to die at wind turbines most often, i.e. the aerial hawking, high flying and migrating species (Kunz et al., 2007; Rydell et al., 2010a) , such as N. noctula and P. nathusii. The summer and autumn months are also those when most bat casualties have been found to occur at wind turbines, during the mating and swarming periods and migration (Dürr and Bach, 2004; Arnett et al., 2008) .
We acknowledge that bat activity at rotor level altitudes at above 50 m could be different from our recordings at ground level. However, Collins and Jones (2009) found no difference between the number of bat passes at ground level and those at a 30 m altitude. Considering the far ranging echolocation calls of N. noctula, some bats in their study may have indeed passed at altitudes close to those of some turbines' rotor blades. Moreover, for those species that are known to forage at higher altitudes than these, we argue that individuals recorded at ground level are also likely to venture into rotor level altitudes, especially when attracted by insects at wind turbines.
Therefore, we stress the pivotal importance during the planning of wind farms close to hedgerows to carry out environmental impact assessments that consider the behaviour and spatial movements of bats during their entire activity period, to control for seasonal variation and thereby improve the quality of impact estimation. As all bat species were most active near to hedgerows, the closer wind turbines are constructed to hedgerows the higher the likelihood of fatal collisions of bats with turbines or of interference with the bats' flyways. Consequently, the construction of wind turbines close to hedgerows, if unavoidable, calls for alternative measures to reduce bat mortality at wind energy facilities, such as curtailing turbine run-times, e.g. during the night, the migration period, or at low wind speeds (Kunz et al., 2007) .
